I . A study amongst schoolboys in villages around Hyderabad, India, showed that almost all the boys had riboflavin deficiency, 61 % had pyridoxine deficiency, and 9'4% had thiamin deficiency as judged by enzymic tests.
Lesions of the mouth such as angular stomatitis and glossitis have been shown in experimentally-induced riboflavin deficiency as well as pyridoxine deficiency. Recent reports from the National Institute of Nutrition, Hyderabad, show that in adults this condition responds to treatment with either riboflavin or pyridoxine (Krishnaswamy, 1971 ; Iyengar, 1973) . While glossitis seems to be more common amongst the adults of our community, angular stomatitis is more common amongst the children.
A recent survey of rural schoolchildren living near Hyderabad, revealed a higher incidence of angular stomatitis amongst boys than amongst girls. The condition failed to respond to treatment with either riboflavin alone or with B-complex vitamins over a period of 3 weeks and 4 weeks respectively (K. V. R. Sarma, M. Damodaran and A. Tiar, unpublished results) .
The present study was carried out to investigate this observation further, by applying biochemical tests for assessing vitamin status, and examining the response to topical application of gentian violet.
EXPERIMENTAL
The subjects, 407 boys aged 5-1 3 years old and attending four rural schools near Hyderabad, were examined for clinical signs of vitamin deficiency such as angular stomatitis, glossitis, cheilosis, Bitot's spots, phrynoderma and angular scars. Of these, 168 boys had active angular stomatitis with or without glossitis (group A) whereas 134 boys were completely free of all lesions of the mouth including healed scars (group B). Boys in group A were further divided randomly into three subgroups (groups AI, A2 and A3) and those in group B into two subgroups (groups BI and B2).
These boys were treated daily with either two tablets of B-complex vitamins (containing (mg/tablet): thiamin 2, riboflavin 2, pyridoxine 5, calcium pantothenate 2, niacin 20) (groups Ar and BI) or with placebo tablet containing IOO mg lactose (groups A2 and B2) or by topical application of a solution of gentian violet (10 g/l) to the lesion at the corners of the mouth (group A3). All the boys were re-examined after I month of treatment for the presence or absence of angular stomatitis and glossitis.
Samples of venous blood were taken from fourteen to fifteen boys in each sub group before and after I month of treatment, and analysed for erythrocyte transketolase activity (EC 2.2. I . I ; ETK), and its in vitro stimulation with thiamin pyrophosphate TPP (ETK-AC) (Bamji, 1970) for thiamin status; erythrocyte riboflavin (Sharada & Bamji, 1972) , and erythrocyte glutathione reductase activity (EC I . 6.4.2) (EGR) and its in vitro stimulation with FAD (EGR-AC) (Bayoumi & Rosalki, 1976) for riboflavin status; erythrocyte aspartate aminotransferase (EC 2.6. I . I) (EAT) and its in vitro stimulation with pyridoxal phosphate (EAT-AC) (Stanulovic et al. I 967) for pyridoxine status. Activation coefficient (AC) was defined as enzyme activity with added coenzyme : enzyme activity without added coenzyme.
Blood was taken at school between 09.30 and 10.30 hours. Most children had taken a light meal consisting of a cereal such as rice, wheat or Jowar (sorghum vulgare), occasionally some vegetable or legume, and tea to drink before going to the school. It was not possible to obtain fasting samples of blood.
The dietary history of fifty-three boys was obtained by oral questionnaire using the 24 h recall method by visiting their homes and questioning the mothers (Pasricha, 1959) .
R E S U L T S

Clinical findings
Amongst the nutritional deficiency signs the most prevalent was angular stomatitis (41.3 %), followed by glossitis (18.2 %), and Bitot's spots (7.9 %). The prevalence of other signs was less than 5 % (Table I) . Bleeding gums were not observed. None of the children complained of signs attributable to neuropathies.
Initially sixteen of the fifty-one boys in group AI and 28 of the 107 boys in groups A2 and A3 suffered from glossitis in addition to angular stomatitis. Treatment with B-complex vitamins produced a significant improvement in glossitis (group A1 ; Table 2 ). In fifteen boys (53.6 %) glossitis was cured even without B vitamins (groups A2, A3; Table 2 ). In normal boys (groups BI and B2) treatment with B-complex vitamins protected against development of glossitis, though not in every case. Thus, while 1.6 % of the initially-normal boys in group BI developed glossitis at the end of I month, 10 %in group B2 developed this condition, however the difference was observed to be statistically not significant ( Table 2) .
B-complex vitamins did not have a significant effect on the treatment or prevention of angular stomatitis, but gentian violet application had a marked effect (Table 2) . Thus, while 23-5 % of the boys in group AI and 12 % of those in group A2 were free of stomatitis at the end of I month, 81 % showed healing in group A3. Amongst normal children, 21-3 % in the vitamin-treated group (Br) and 13.3 % in the untreated group (B2) developed stomatitis at the end of I month ( Table 2) . The difference between the vitamin-treated group and the group receiving the placebo was not significant.
Biochemical findings
Ribojavin. A direct inverse correlation between erythrocyte riboflavin and EGR-AC was not observed. Careful examination of the results showed that when the erythrocyte riboflavin levels were less than 220 ,ug/l, AC values were more than 1.2, and in most cases more than 1.4. However, very often despite very high erythrocyte riboflavin levels, AC was more than 1.4.
Results given in Table 3 indicated a very high prevalence of biochemical riboflavin deficiency in this community; the prevalence in group A being significantly higher than that (P < 0.001).
(P < 0.05).
in group B before treatment. Boys in group A also had marginally higher AC than those in group B (Table 4 ) indicating a slightly inferior riboflavin status in the former group. There was no difference in the riboflavin status of thirty boys who had only angular stomatitis and seven boys who had glossitis in addition to angular stomatitis. Treatment with B-complex vitamins produced a significant increase in basal as well as stimulated EGR activity and a decrease in EGR-AC (Table 5 ). However, some boys who received vitamins for I month (groups AI and BI) continued to have an EGR-AC value greater than I '2 after treatment, indicating persistence of biochemical riboflavin deficiency (Table 3) . A small but significant decrease in AC was observed also in boys of groups A2 and A3, though these children had not received any vitamins (Table 5) . Erythrocyte riboflavin concentration showed a significant increase after treatment with B vitamins (Table 5) .
Pyridoxine. Of fifty-one boys in whom EAT estimation was done initially, thirty-two had AC values greater than 1.7 initially (Table 3) . AC values for boys in group A tended to be marginally higher than for those in group B, indicating a slightly inferior pyridoxine status in the former (Tables 3 and 4) . Amongst the boys in group A, those who had glossitis had the lowest basal as well as stimulated EAT activity ( 
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( Table 6) . AC however did not show a significant change. In boys who did not receive vitamin supplements (groups A2, A3 and B2) AC values tended to increase over the I month period (Table 6) . Thiamin. Results shown in Table 3 indicate a fairly low prevalence of biochemical thiamin deficiency. None of the boys complained of neurological symptoms. Treatment with thiamin did not produce a significant change in ETK-AC (Table 6 ). Boys whose AC value was more than 1.15 showed a decrease at the end of I month regardless of the type of treatment. Despite B-complex vitamin treatment, ETK-AC value was increased in two boys.
Dietary history. Information on dietary history showed that the intake of vitamin A and riboflavin was less than 40 % of the recommended dietary allowance (RDA) (Nutrition Expert group, Indian Council of Medical Research, 1968) for that age. Marked deficits in the intake of energy, thiamin, iron and vitamin C were also present. Diet provided 70 % of the RDA for the other nutrients such as protein, calcium, pyridoxine and niacin (Table 7) .
DISCUSSION
Information on dietary intake revealed marked deficiency of energy and vitamins, particularly vitamin A, thiamin and riboflavin ( Table 7) . The RDA values of theIndian Council of Medical Research are higher than those of the World Health Organization with regard to protein, iron and Ascorbic acid. The higher Indian allowance is due to the source of these nutrients and cooking practices in India.
The results of enzymic tests showed that the prevalence of biochemical riboflavin deficiency was very high in these boys, followed by pyridoxine deficiency, whereas thiamin deficiency was not a problem (Table 3) . Low prevalence of biochemical thiamin deficiency and the absence of clinical deficiency despite a low intake of the vitamin was surprising. It is possible that thiamin requirement is more closely dependent on energy than that of riboflavin, and thiamin deficiency was not seen due to an associated energy deficiency of equal magnitude.
A high prevalence of biochemical pyridoxine deficiency despite the fact that the diet provided more than 75 % of the RDA is also surprising. Since results of enzymic tests and dietary intake studies were available on only a subsample and not for the same boys, a direct comparison of the EAT test and pyridoxine intake cannot be done. Riboflavin deficiency has been reported to affect pyridoxine metabolism and increase pyridoxine requirement (Lakshmi & Bamji, 1974 , 1975 , 1976 Thurnham, 1977) . In the present study, the value of 1.7 was used because the average stimulation after I month of treatment with B-complex vitamins approximated to this value. The increase in basal and stimulated activities of EGR and EAT after B-vitamin supplements (Tables 5 and 6) suggested that relatively-high doses of these vitamins can increase the levels of apoenzymes either by synthesis of new enzyme or by stabilization of existing enzyme. This would increase the vitamin requirement for apoenzyme saturation and the values for respective AC might fail to decrease after supplementation, as was observed in the instance of the EAT test ( Table 6 ). Interpretation of results of enzymic tests under these situations becomes difficult. The changes in the enzyme activities seen in the unsupplemented groups (groups A2, A3 and B2) (Tables 3, 5 and 6) suggest that small but significant alterations may occur without any intervention, and emphasizes the need for inclusion of suitable placebo ('no treatment') groups in studies of this nature. These changes inay represent intra-individual daily variations and in any evaluation of changes after intervention only changes above these should be considered as really significant. It is rather surprising that while riboflavin status in the unsupplemented children tended to improve over the I month period, pyridoxine status tended to decrease (Tables 3, 5 and 6). Since the dietary sources of these two vitamins are generally common, non-dietary environmental factors must also have an effect on enzymic tests.
The absence of an inverse correlation between erythrocyte riboflavin concentration and EGR-AC is surprising since EGR is the major flavoprotein in the erythrocyte. Basal and stimulated EGR activities also failed to correlate with erythrocyte riboflavin. These observations are in agreement with our earlier findings (Bamji, 1969) . The results, however, suggest that while erythrocyte riboflavin values less than 220 , &I may indicate riboflavin deficiency as judged by an EGR-AC value of 1.2 or more, high levels need not always mean sufficiency. One reason for this discrepancy might be the fact that the blood samples were not collected under fasting condition. In animals, pyridoxine deficiency has been shown to increase erythrocyte riboflavin (Sharada & Bamji, 1972) . However, in the present study erythrocyte riboflavin levels failed to correlate with EAT activity or AC. This point needs further investigation. According to Sauberlich et al. (1973) , an erythrocyte riboflavin concentration of more than 150 pg/l indicates adequacy. The present results do not support the use of this 'cut-off' point.
Results on treatment and prevention of oral lesions with B-complex vitamins (Table 2 ) suggest that while glossitis has a cause-effect relationship with deficiency of B-complex vitamins (riboflavin and pyridoxine) angular stomatitis may have a more complex aetiology. In the present study niacin status was not assessed. However, earlier reports on urinary excretion of N'-methylnicotinamide do not suggest niacin deficiency in Hyderabad children (Bhat & Belavady, 1970) . Response to gentian violet suggests that infection might be the more immediate cause for angular stomatitis. However, gentian violet is an astringent, and it is not specific for any infection. Response to treatment with specific anti-infective agents needs to be examined. The lower riboflavin and pyridoxine status of children with angular stomatitis (group A), (Tables 3 and 4) , may simply mean that the agent that causes angular stomatitis also affects the status of these two vitamins, but there is no causal relationship between vitamin deficiency and angular stomatitis.
Thurnham et al. (197 I ) and Buzina et al. (1973) have also examined the correlation between angular stomatitis and riboflavin status as judged by the EGR-AC test in children. They found a higher incidence of angular stomatitis in children with AC values above 1.2 than in children with low AC values, though a direct correlation between clinical and biochemical deficiency was not always observed. Thurnham et al. (1971) have in fact implicated factors other than riboflavin deficiency in the development of this condition. Neither of these workers have discussed glossitis, nor have they studied pyridoxine status.
In the authors' experience subjects with EGR-AC values less than 1.2 seldom show oral lesions particularly glossitis, but the reverse is not true. Some subjects with very severe biochemical deficiency of riboflavin are also normal clinically. The two probable factors for this phenomenon are : (a) biochemical lesions appear and disappear faster than morphological lesions, (b) biochemical lesions predispose the tissue to the disease, but morphological lesions may have a more complex aetiology involving other factors (such as infection) as well.
A correlation between an abnormal EAT test and oral lesions is still more difficult to establish, though clinical studies of Krishnaswamy (1971) and Iyengar (1973) do implicate pyridoxine deficiency in the development of oral lesions, and in the present study boys in group A had higher EAT-AC than boys in group B. In group A, boys with glossitis had the lowest EAT (basal and stimulated) activity (Table 4) .
